The need to find new sources of water due to the climatic conditions of certain areas of Spain, as well as the increasing urban tourism and agricultural demands, and in addition to the foreseen scenarios as a result of climate change, have led to the use of non-conventional resources, such as desalination. Although the Canary Islands already resorted to desalination plants 40 years ago, it was not until the 1990s that some of these plants began to be introduced to areas of high water deficit within the peninsula of Spain. Nevertheless, their boom occurred in 2005 due to the government's propulsion of the 'A.G.U.A.' program, through which they installed a multitude of plants along the Mediterranean coast, as a result of a change in government and in its water management policy. This source was seen as an almost inexhaustible and suitable alternative in comparison with transfers, because of their regional and political controversies. The water generation capacity of these new plants was calculated based on demand perspectives related to the real estate boom, with demand in volumes that were never reached, due to the bursting of the real estate bubble and the economic crisis. In addition, the high-energy consumption associated with the desalination process (reverse osmosis) substantially increases the price of water, which makes it impossible for some sectors, especially irrigators, to have access to these waters. This communication details all the aspects related to the evolution of desalination in Spain, as well as its current situation, where as a consequence of the above, these plants, which entailed a significant economic investment, are working at very low yields and using their water as a strategic resource, especially during times of drought.
INTRODUCTION
The need to find new sources of supply, as a result of high demand or difficulty acquiring resources in some areas, led to the expansion and integration of non-conventional water sources such as reuse and desalination. In this paper, the case of desalination and its influence will be analyzed for Spain. Swyngedouw [1] considers desalination as the most recent mutation of the old hydraulic paradigm, noting that it has expanded massively throughout the world. This phenomenon was already observed in the natural hydrological cycle of water, where about 502,800km 3 of ocean water evaporates annually, plus about 65,200km 3 of continental water [2] . This process takes place in the desalination plants, an industrial infrastructure where the saline water is separated into two distinct flows; one with a low concentration of dissolved salts (the product water), and the other containing the rest of the dissolved salts (concentrate, rejection or brine). All this requires the use of energy in order to occur. According to what desalination technique is used, the energy expenditure may vary [3] . Water resources that are susceptible to being desalinated may have two main origins: seawater or saline, or brackish groundwater from either coastal aquifers that are in contact with the sea or aquifers that are isolated from the sea [4] .
The increase in demand for fresh water has been one of the triggers that has forced countries in the world, especially in arid regions, to embark on ambitious plans to adopt and implement policies to achieve self-sufficiency in the production of water [5] . In the Middle East, a region of marked aridity, are currently located more than 50% of the seawater desalination plants in the world, especially in the Persian Gulf [6] . In Spain, desalination has emerged as the solution to all water problems, where dams or transfers have not been able to manage, due to scarcity, drought, social conflicts, environmental impact or interprovincial political disputes [7] . This country is an international reference in the field of desalination, both for the number of plants built and for the export of knowledge of technological advances, plant construction and exploitation [8] .
As happened in the rest of the world, the first desalination plants that were built in Spain were thermal, with the use of plants based on membrane systems gradually increasing as technological advances made it possible to reduce the costs associated with the reverse osmosis process [9] . The desalination industry with the brand 'Spain' stands out, due to the meteoric process of internationalization developed during the last years. This promotion in the construction of highly efficient desalination plants is due to environmental requirements and high energy costs, which are crucial for development. In addition, the existing water imbalances in Spain justify this local development of desalination [8] .
Desalination has the great advantage of feeding from an almost inexhaustible source, such as the sea, and not being subject to climatic variations; but also it presents a number of drawbacks that must be taken into account [10] - [12] :  High energy consumption associated with its production (3.7-4.3kWh/m 3 ).  Emission levels of greenhouse gases higher than those recommended by climate change policies.  Degrading effects on the marine ecosystems.  High concentrations of boron that can cause phytoxicity problems in certain crops (a problem solved in newly constructed plants).  Imbalances and deficiencies in their composition, a consequence of their minimum calcium, deficiencies in sulfate and magnesium contents that make them need later remineralization.  High acidity and corrosive power, which can cause problems in the pipes.  Cost of water production is very high: it can range between 0.60 and 0.80 €/m 3 .
Most of these problems can be mitigated by mixing this water with others in a proportion of desalinated water not exceeding 30-35%. But a problem remains in the price: in this context, the importance of the water and energy nexus is clear [13] and especially significant in the process of desalination, due to the high energy consumption that this process entails. The average cost per unit of water in Spain requires 0.45kWh/m 3 [14] , while reverse osmosis requires between 3.5kWh/m 3 (ideal conditions) and 5kWh/m 3 (even more in ancient plants) [15] .
While technologies have been advancing for the process of decreasing energy expenditure, it is still not enough to talk about desalination as a major source of water. In addition, Spain suffers from a high degree of dependence on energy imports, concentrated mainly in imports from non-democratic countries and countries that are unstable in their energy policies, such as some of the Organization of Petroleum Exporting Countries (OPEC) members like Saudi Arabia, Libya, Nigeria, Iran, Iraq, and Algeria; this makes the process of obtaining water partially conditioned by external factors.
Nowadays, in the Iberian Peninsula, this virtually inexhaustible source of water that is independent of climatic conditions is only used as a complementary resource, due to the high economic cost involved. A good example of this high price is observed in the province of Alicante, where the cost of the desalinated water is almost five times what they pay for water from the Tajo-Segura transfer [16] . This cost makes its use inaccessible to some sectors, like agriculture, destining this new resource mainly for urban supply.
With the entry into the Spanish government of the socialist party, in 2004, there was a reorientation of the water policies. After the repeal of the Ebro transfer, the new government promoted the 'A.G.U.A.' program, which contemplated the construction of a large number of desalination plants along the Mediterranean Arc that would cover future estimated demands and existing demands which were not yet fully met. The use of desalinated water brings new challenges to the professionals of the sector, who need a response to improve the viability of their use by an increase in the plant's energy efficiency, to minimize the environmental impacts that these plants generate, or to achieve a reduction of the price of desalinated water in order to make it more competitive and without the need for subsidies [17] . In this article, we will analyze the situation in Spain, from its beginnings to its current state, within the desalination industry.
PAST AND PRESENT OF DESALINATION IN SPAIN
A series of conjunctive factors, such as the geographical and climatological location in Spain, have favored the development of desalination as a technological option. In the first place, the existence of two archipelagos where tourism has a significant weight generated, from an early date, solvent demands for desalinated water on a scale that does not exist in any other developed country: and without alternative resources to be used to cover these demands [18] . Secondly, the remarkable hydraulic tradition of the country favored the transfer of technological knowledge for the development of the new sector. Finally, the recurrent cycles of droughts affect both the islands and the peninsula.
The first desalination plant (via MSF, flash distillation) was installed in Spain on Lanzarote Island in 1965 [19] , followed by other plants in Ceuta, Fuerteventura and Las Palmas ( Table 1) . Some of these plants are already dismantled or conveniently retrofitted to new technologies [6] , because the dominant technology at that time, now obsolete, was evaporation with MSF (multistage flash distillation) units [20] .
Once this first stage was overcome, there was stagnation in the development of desalination plants as a consequence of the oil crisis, which forced new research aimed at saving the already installed plants. In this way, the evaporative process exchangers, which had a larger area of exchange, allowed for greater distillation without increasing energy consumption [20] . The decade of the 1980s is marked by the appearance of reverse osmosis and implantation of its membranes and processes. To date, reverse osmosis membranes have only been used to filter brackish water, where electro-dialysis was a perfectly viable technology. By this time, it should be emphasized that there were many private tourist complexes that had installed small units of mechanical compression of steam (CV) to solve their supply problems. After the 90s, reverse osmosis takes over the desalination landscape in Spain. Although the Spanish electricity supply has been able to cope with the consumption generated by these facilities, it is true that it has been helped by the contemporary coincidence of the appearance of energy recovery systems. These systems are responsible for considerably reducing electricity consumption, and are a technology in which Spain is a leading country.
Another determining factor in the hegemony of reverse osmosis has been the liberation of electric energy prices in the country, only now accessible to large consumers; the only exception being electrodialysis for desalination of brackish water or the reuse of urban waste water [6] . Since then, technological improvements have been decisive for the expansion of this practice in the country, making it more accessible to sectors that years ago could not even consider resorting to it. One of the triggers of this change has been the use of reverse osmosis, as opposed to distillation, because its technology is less dependent than the previous one on energy resources [19] . This is why, since the 1990s, Spain has invested in researching, both at public and private levels, any possible way of reducing energy consumption [22] .
Desalination has continuously evolved in Spain, mainly due to the serious imbalance between water resources (motivated by the irregular rainfall of our geography) and the high consumption of certain areas, with intensive irrigated agriculture and tourism infrastructure, which consume specifically at our lower precipitation times. This justifies the installation of desalination plants [20] ; however, its location is mainly reduced to the Mediterranean area (Catalonia, Valencian community, Murcia and Andalusia), as well as to the two archipelagos (Canary and Balearic Islands) and to cities located in North Africa (Ceuta and Melilla). In fact, at present, almost all the water consumed in Fuerteventura and Lanzarote is desalinated [23] .
Thanks to the current facilities, Spain has increased its capacity to desalinate water during the last decade by more than three times, from 300,000m 3 /day in 1990, to 1 million m 3 /day in 2000, and almost reaching 3 million m 3 /day in the present. There are 50 plants, located between the Mediterranean Arc (especially the Valencian and Murcian regions) and the Canary Islands [24] , that are responsible for producing more than 80% of this capacity, where the significant distribution is as follows: Valencia and Andalusia 25%, Canary Islands 15%, and the region of Murcia 20%. These data place Spain as the fourth country in the world to be able to produce desalinated water [17] .
Yet the problem of disuse still exists, since 2013 many plants have operated at very low production capacities, some plants are unfinished and others have not even begun to be built. Although thanks to this over-built capacity, supply is guaranteed in the face of future drought, and the fact that much of this water comes from desalination plants creates a new concept of relative scarcity. The demands of the urban tourism sector of the Spanish Mediterranean are covered with desalinated water, but there is still water scarcity for the agricultural sector [7] . In the first instance in the field of desalination, the proposed actions were intended to provide 650 hm 3 through the construction of 26 new desalination plants (Fig. 1 ) [26] , although at present only 17 new desalination plants have been built. With a production capacity that reaches almost 350 hm 3 , of which 155 hm 3 is destined to satisfy irrigation water needs of the peninsular southeast, the Spanish government obtained an agreement with the European Commission for the construction of these plants, claiming that it was an environmental investment. Up to 80% of the investment was received from European Cohesion Funds [18] .
WATER-ENERGY NEXUS IN DESALINATION
An important aspect of the desalination processes is the water-energy nexus and its repercussions, in this case economic. The main problem of desalination, as mentioned, is the high energy expenditure required by this process, occurring mainly during the reverse osmosis phase. This expense is generated mainly by the high-pressure pumps that feed the frames and those that expel rejected water. Table 2 shows the energy consumption for a week, of the type that normally occurs during the different phases of desalination. These are two processes where the actions to be implemented when investing in new technologies have been focused, among which energy recovery stands out [16] . In addition to technological innovations, the use of low-cost tariff bands (depending on time of use and dates) also occurs. Fig. 2 shows these different tariff bands. Note that the P6 band, in addition to being applied at the times indicated in the figure, is also used during weekends and national holidays. An example of the use of the cheapest tariff bands is observed in the desalination 'Canal de Alicante 1', which is currently only in operation on weekends, taking advantage of the lower tariff, P6. Each tariff band corresponds to an amount from which the price to be paid is calculated. Table 3 shows the prices that Iberdrola established in 2014.
The cost of desalinated water is often masked between subsidies and benefits crossed with other products, especially with energy. A partial cost distribution of a plant can be obtained, corresponding to: 42% for depreciation; 45% for energy; and 13% for personnel, chemicals and others. The price of desalinated water is undoubtedly the highest price at which water can be purchased today. In comparison with conventional regulation and conduction methods or with groundwater, it is always unfavorable for desalination. That said, it should also be noted that the cost of desalinated water has been and will continue to be declining, while that of other conventional resources has been and will continue to be increasing [27] .
In order to reduce energy consumption, technological advances have been made, such as the incorporation of energy recovery systems, or of new and more efficient membranes that can recover much of the energy used; thus, the final costs of desalination can be reduced. Energy recovery using high-pressure systems consist of a system composed of a centrifugal pump, motor and hydraulic turbine that helps the motor to rotate. This system, used from the beginning through the last years, improved over the years until reaching a reduction of one-half of the consumption of the first plants [23] . Subsequently, a remarkable advance was registered: the replacement of the Francis turbines by Pelton turbines, once these were developed as the optimal solution for working with brine.
The latest evolution has occurred with the incorporation of recovery systems that are based on isobaric chambers. These equipment technologies are based on the physical principle of transmission, using the remain brine pressure when feeding seawater into the plant [23] . Energy recovery systems are one of the most important innovations that contribute to the continued growth of desalination: using energy recovery in reverse osmosis plants can contribute 25-30% to the energy needed to produce potable water. Since 2014, the typical amount of energy required in the desalination of sea water by reverse osmosis was 3.5kWh/m 3 . The use of more efficient membranes has also helped to improve this efficiency [28] . Energy recoveries can help you draw more than 80% of the energy consumed during the process. The function of these devices is to not waste the pressure used to raise the water, taking advantage of that pressure to transmit energy to the water entering the process, or to trigger an electromagnetic mechanism [16] . However, energy recoveries are not the only front of action to reduce energy consumption. Estevan [18] considers that there are mainly three ways through which energy consumption can be reduced in water desalination plants: first, there is energy recovery by the introduction of isobaric chambers. These energy recovery systems began to appear in the 90s, but it has not been until recently that they have gained weight in the desalination industry. This system is based upon the use of the pressurized brine jet to boost the sea water. Through this new method, the brine transmits all of its energy directly to the sea water. With the use of isobaric chambers, the installation's overall performance can reach almost 80%, which means a yield of almost 10% more than that obtained by the use of Pelton turbines or high-pressure pumps. The second route for reduction of energy that is proposed by the author is an improvement in the internal architecture of the plants. In addition to this architectural improvement, it is necessary to improve the plant's elements, in this case the membranes, both in their layout and in their materials. Once the margins of improvement of the hydraulic equipment have been reduced considerably, it is up to the equipment designers to reduce energy consumption, manufacturing membranes that allow working at lower pressure without losing performance, an element that Estevan considers the third way to make improvements. In recent years, membranes that work with pressures around 55-60 atmospheres have been presented on the market as being without loss of performance, when the pressure that is normally used is 70 atmospheres.
A compendium of these improvements can place the consumption of reverse osmosis at the level of 2.5kWh/m 3 and of the whole process, at 3.5kWh/m 3 . To reduce such consumption to 2kWh/m 3 and 2.5kWh/m 3 respectively, it would be necessary to combine the use of new low-pressure membranes with the high-performance isobaric chambers, as well as new architecture in both the desalination lines and in the membranes.
THE ECONOMY OF DESALINATION
The calculus of derivative financial costs of a process of seawater desalination by reverse osmosis can be very complex. In order to understand these costs, we must take into account a number of variables that significantly affect the final cost of the desalinated water: the size of the installation, the physical and geographical conditions of the sea water collection, the product quality required, and the recovery energy system used [20] , among others ( Table 4) .
The complexity of carrying out a study of the costs of desalination is mainly due to the large differences in the desalination plants, such as: the quality of the water to be treated, desalinated water uses, plant size, year of construction, percentage of use, and more. The main costs can be grouped according to the following activities:
 Capture of sea water  Pretreatment  Reverse osmosis (most commonly used in Spain)  Refinement treatment  Pumping in outside-produced water  Evacuation of rejection brine  Treatment of effluents  Electricity  Works Table 4 : Cost structure of desalinated water [29] .
Fixed costs

Amortization Operational personnel Power Term Maintenance and conservation Administration Various
Variable costs
Chemical products Maintenance and conservation Electric power Replacement of membranes and cartridges Equipment renovation
In addition, we must not forget other costs, such as personnel and maintenance, which will vary depending on the size of the plant; the chemical additives to be used; or the cost of replacing the membranes or sands of the filters, if they are used.
One of the main costs to take into account is the initial investment required, and that depends mainly on the size of the plant. The specific investment (required investment per m 3 /day of production) decreases as the size of the plant increases, which shows that the scale factor plays an important role in the investment. Due to this variation in price, it is difficult to determine whether the economic impact is high or not, depending on the advantages or disadvantages with which they are compared; however, if judged from the perspective of the jobs created, whether for the construction or maintenance of the plant, the ability to have water in spite of drought and more, the impact will be clearly positive.
Following the above, it is clear that economies of scale are very important in obtaining a reduced cost of amortization, if the initial investment is to be recovered. The technological improvements have also been decisive in reducing investment costs. There is great competition between the membrane manufacturers and the contractors. The increase of yield by the pumping equipment is considered as a justification when making a greater initial investment, as well as the improvements in the percentages of recovery and rejection in the membranes [20] . Table 5 shows the representative percentages of each part of the investment and the typical repayment periods for those parts. That is why one of the main causes of underutilization of desalinated water, apart from the fluctuation in demand, is the high price of desalinated water [30] .
As mentioned before, the high energy cost of the desalination process is around 48% of the plant's total production costs [25] . The reform of the electricity market in Spain, carried out in 2008 at the request of the European Union [7] , meant an increase in the price of electricity, an increase of around 64% between 2007 and 2012. It has gone from an average cost in 2007 of 0.9104€/m 3 to 1.12€/m 3 , for all the facilities scheduled in 2012 [25] . As a result, according to the data provided by the company Iberdrola for the year 2014, we can see the example of the 'Mancomunidad de Canales del Taibilla' (one of the main water supply companies on the Mediterranean coast), which placed the energy cost for desalinated water in 2014 at 0.6433€/m 3 [30] . The high energy price, coupled with the situation of underutilization of the maximum production capacity, raises the price per cubic meter produced [25] . Another example is observed in the Torrevieja plant. The early 2014 production capacity of this plant was around 20-30%, and the total cost of producing one Table 5 : Percentage of investment and amortization period of the equipment of a seawater desalination plant [20] , [29] . [25] . If these prices are compared with those of the TajoSegura transfer, where the m 3 is paid at 0.1117€, there are prices to pay which can be prohibitive for some users, such as irrigators [31] .
% Inversion to the total
Another issue that arises is the economic impact that comes from having the plants stopped or not working at full operational capacity. At this point, we must consider the importance of fixed costs, which will have to be paid, whether the plant functions or not. The Spanish Ministry of the Environment carried out an analysis between 2006 and 2008, which indicated low average costs when the plants worked at full capacity (0.50-0.60€/m 3 ). A new report prepared by the Ministry of Agriculture and Fisheries, Food and Environment (MAGRAMA) in 2012 placed these levels in between 0.85-1.13€/m 3 , with an increase that was generated by the rise in variable costs, especially energy costs; but even if the plant is not used, it is necessary to continue paying, and if they do not operate at full capacity, then the average costs skyrocket due to the specific weight of the fixed costs (more than 50% at full operating capacity) [32] .
6 CONCLUSIONS Desalination, as a non-conventional method of obtaining potable from brackish water, has been practiced in Spain for decades, especially in the Canary Islands. Given the water imbalances in this country, the need to resort to the practice of desalination was gathering force during its evolution, especially after the consolidation of reverse osmosis as an efficient and effective process. With the change of government, and of water policies, the A.G.U.A. program was promoted in 2004. Through A.G.U.A., a large number of desalination plants were projected, promoting this practice as a solution to the problems of the water deficit in some areas, in order to avoid other types of disputes, such as political or inter-regional disputes, that generated alternative sources of water supply. But the forecasts on the basis of which future water demand was calculated were not met and were well below the estimated numbers. That is why most of the desalination plants built in Spain work at very low capacity and their contribution is not the main, but the complementary, means to ensure the water supply, in case of drought or emergency.
The lack of demand is not the only reason for reduced use of desalinated water. The main problem this practice has is the high energy consumption that it entails, and that has a significant effect on the economic cost of potable water. Desalinated water reaches prices that some users are unable to pay, such as farmers; thus, restricting their use of the supply. Although actions are being taken to reduce this high-energy consumption, such as the use of energy recovery systems or higher-efficiency membranes, energy reduction still remains a problem to be solved.
